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The problem of the prevalence of sexual versus asexual reproduction in eukaryotes has long preoccupied evolutionary biologists [1] . A major feature of sexual reproduction is the process of genetic recombination, whereby genetic material is exchanged between maternal and paternal homologous chromosomes at the first division of meiosis (recombination also occurs because of the independent segregation of non-homologous chromosomes). This involves a complex series of events (Figure 1 ), whose molecular basis is being unravelled in ever-increasing detail [2] . A better understanding of the evolutionary forces affecting the frequency with which recombination events occur is critical for understanding the evolution of sex [3] . A new paper from Brand et al. reported in this issue of Current Biology has characterised a gene that plays a key role in causing a difference in recombination rates between species [4], representing a considerable step forward.
There has long been abundant evidence for variation in recombination rates between individuals within species. This may involve chromosome rearrangements such as inversions, which were originally described in Drosophila as 'crossover suppressors' before their cytological nature was discovered [5] . In addition, the existence of genetic 'modifiers' of rates of crossing over has been demonstrated by genetic analyses of strain differences and artificial selection for changed crossing over rates [6] , and by mapping studies in domestic and natural populations [3] . Spectacular advances have recently been made in the molecular characterisation of genetic factors influencing rates of recombination, most notably the PRDM9 protein of humans and many other mammalian species, and the DNA motif with which it interacts to produce 'hotspots' of recombination [7] .
There is thus little difficulty in principle in seeing how evolutionary forces could use this variation to bring about changes in recombination rates, and the ways in which recombination rates may be influenced by natural selection have been the subject of many theoretical studies [1, 3] . There is abundant evidence from the comparative genetics literature for differences among related species in rates of recombination [3] . For example the familiar workhorse of genetic experimentation, Drosophila melanogaster, has substantially lower rates of crossing over in parts of its genome than its relative D. simulans [8] . The close relative of D. simulans, D. mauritiana (endemic to the island of Mauritius) has even higher rates of crossing over than D. simulans, from which it diverged about 300,000 years ago [8, 9] .
The work described in [4] has identified a gene that is causally involved in the recombination rate differences between D. melanogaster and D. mauritiana. The authors started with the premise that genes identified in the control of meiosis by genetic and molecular analyses were good candidates for such a role. They also hypothesised that a gene involved in causing the large difference in crossing over rate would probably exhibit an unusually high rate of protein sequence divergence between D. mauritiana and D. melanogaster, as measured by the ratio of the number of nucleotide substitutions per nonsynonymous sites (d N ) to the number at synonymous sites (d S ). Among the 35 genes that were analysed, they found that mei-218 [10] was an outlier, with a d N /d S ratio of 0.63, placing it among the top 97 th percentile of all genes in the genome. Loss of function mutations in mei-218 cause a large reduction in the rate of crossing over in female flies, whereas other meiotic functions are normal [10] . Together with its unusually high rate of protein sequence evolution, these properties strongly suggested that mei-218 contributes to differences in rates of crossing over among Drosophila species.
To test this idea, they carried out transgenic experiments, in which the effects of wild-type alleles from D. melanogaster and D. mauritiana were compared on a similar D. melanogaster genetic background. A technical difficulty with the experiments is that there is an adjacent gene, mei-217, which is also involved in meiotic functions and also shows a rather high value of d N /d S . Unusually for Drosophila, the two genes are transcribed as a dicistronic message with slightly overlapping open reading frames. It was therefore necessary to clone the entire mei-217/218 region, including 5 0 and 3 0 noncoding sequences, from both species. The clones were placed into the same insertion site on the left arm of chromosome 3 of D. melanogaster in separate experiments, and then crossed into the same genetic background, homozygous for a mei-218 loss-offunction mutation. The frequencies of crossing over along the left arm of chromosome 2 and across its centromere were measured, using backcrosses with six visible mutant markers. This experiment showed that the total map length of the region spanned by the markers was about 40% higher in female flies with the D. mauritiana transgene than with the D. melanogaster version. In the absence of the transgenes, the female flies had almost no crossing over. The effects of the D. mauritiana transgene showed some intriguing patterns. First, the largest effects were seen for the intervals near the tip and centromere, where the largest differences between the species in normal flies are also seen. Second, the frequency of tetrads that completely lack crossovers is reduced. Third, there is a reduction in crossover interference, the still-mysterious phenomenon in which the occurrence of a crossover at one location on a chromosome reduces the probability of a crossover nearby [2] . Brand et al. suggest that the D. mauritiana allele of mei-217/-218 produces these effects simply by increasing the probability that a double strand break will be repaired via the crossover rather than the non-crossover pathway (Figure 1 ).
These observations show for the first time how a single genetic locus can cause a substantial difference in the rate and pattern of crossing over between related species. The fact that mei-218 exhibits an extraordinarily large number (218) of amino-acid differences between the species suggests strongly, but does not prove, that the sequence of the MEI-218 protein causes this effect, especially as there was no evidence for gene expression differences.
Brand et al. used the tools of molecular population genetics to test whether or not the observed amino-acid differences were the result of positive selection rather than the fixation by random genetic drift of neutral or slightly deleterious mutations. By comparing the ratio of the numbers of nonsynonymous and synonymous substitutions along a lineage to the same ratio for variants within a species, the McDonald-Kreitman test [11] [13] . Testing this hypothesis is a challenge, especially as theoretical work suggests that TEs can cause selection on the recombination rate in either direction, depending on the currently prevailing rate [14] . Nevertheless, the demonstration that a gene subject to an unusually high rate of adaptive protein sequence has caused a substantial change in the rate of crossing over is a major contribution to the field of genome evolution. Figure 1 . The molecular events involved in recombination during the first division of meiosis in eukaryotes.
The two strands of DNA molecules from two homologous chromosomes are shown in blue and black. After pairing, a double strand break is produced on one molecule, followed by enlargement of the break (resection) on both strands in opposite directions. Then one strand of the unbroken homologue is invaded by a strand of the broken homologue, with resynthesis of one of the breaks using the complementary strand (dashed blue line). There are two pathways by which the resulting structure can be resolved. The strand displacement/strand annealing (SDSA) pathway on the right does not usually produce a reciprocal crossover between the two homologues, but the final product involves a molecule with a patch of heteroduplex DNA (indicated by the blue line inserted into the black line at the bottom right). If the two homologues differ in sequence in this region, this can be identified as a gene conversion event, in which an allele from one homologue is replaced by its alternative. Alternatively, a double Holliday junction (DHJ) is produced, which is resolved as a crossover by enzymes that cut the DNA at each junction connecting the two homologues (bottom left).
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A new study shows both that socially well-connected lemurs are more likely to acquire new behavioral innovations, and that individuals displaying such useful new knowledge gain in status. Such positive feedback loops may help explain resilient cultural transmission in animals.
Recent years have seen a productive integration between two fields of enquiry in the life sciences: the study of animal culture, and the investigation of social networks. Animal culture, the study of information transmission via social learning, is the more mature science, with roots back in the middle of the last century [1] . In recent times it has become a burgeoning field, demonstrating social learning and the transmission of functionally important behaviors, from foraging to migration to communication, in a wide range of vertebrate and invertebrate species [1] . The study of animal social networks has a younger pedigree, largely developing over the last two decades, driven by the construction of a range of sophisticated numerical and statistical tools to analyse social relationships [2, 3] . A productive integration between these two fields has identified cultural transmission in communities of wild animals by tracking the diffusion of behavioral innovations across social networks. Examples include the spread of 'lobtail feeding' through a population of over 600 humpback whales over 25 years [4] and the diffusion of a new form of tool use among a community of chimpanzees in a matter of days [5] . Another approach has been to examine the implications of network structures for cultural transmission, as in the finding that squirrel monkeys that are socially well connected (have high 'network centrality', in the jargon) are more likely to pick up new experimentally seeded foraging innovations and acquire the particular technique so seeded in their group [6] . A study of ring-tailed lemurs (Lemur catta) published in this issue of Current Biology [7] reports a similar effect but adds an important new discovery of the converse causal effect, namely that individuals who are in the vanguard of adopting a new innovation are likely to become more socially central (they received more affiliative initiatives, for example). The bi-directional causality these results imply has a number of significant implications for our understanding of sociality and cultural transmission in animals, discussed further below.
The lemurs studied by Kulahci et al. [7] belong to two groups that are the descendants of animals introduced to St Catherine's Island off the coast of Georgia, USA, in 1984. They are the only free-ranging groups of ring-tails outside the species' homeland of Madagascar. To study the social diffusion of an innovation, the experimenters introduced a novel foraging task that involved extracting a single grape (to avoid scrounging effects) from a drawer in a small plastic box (Figure 1 ). Before this was introduced to each group, individuals' positions in the social network were established from observations of who approached whom, and who groomed whom. These observations provided measures of the number ('degree') and frequency ('strength') of each individual's connections with others. These were further split according to whether actions were initiated by the individual towards
